AD-A213  329 


BRL-SP-80 


*  \ 


SPECIAL  PUBLICATIONS  BRL-SP-80 


DATA  ANALYSIS  TECHNIQUES 
FOR  EFFECTIVENESS  EVALUATION 
OF  CHEMICAL  MUNITIONS 


TRACY  P.  HINDMAN 


DECEMBER  1989 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED. 


U.S.  ARMY  LABORATORY  COMMAND 


BALLISTIC  RESEARCH  LABORATORY 
ABERDEEN  PROVING  GROUND,  MARYLAND 


DT1C 

ELECTE 

OCT  12 1989 


89  10  1  2  C34 


DESTRUCTION  NOTICE 


Destroy  this  report  when  it  is  no  longer  needed.  DO  NOT  return  it  to  the  originator. 

Additional  copies  of  this  report  may  be  obtained  from  the  National  Technical  Information  Service,  U.S. 
Department  of  Commerce,  Springfield,  VA  22161. 


The  findings  of  this  report  are  not  to  be  construed  as  an  official  Department  of  the  Army  position, 
unless  so  designated  by  other  authorized  documents. 


The  use  of  trade  names  or  manufacturers’  names  in  this  report  does  not  constitute  indorsement  of  any 
commerical  product. 


UNCLASSIFIED 


IFICATION  OF  THIS  PAGE 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  NO.  0704-0188 


1*.  REPORT  SECURITY  CLASSIFICATION 

fl^TPTFn 


2a.  SECURITY  CLASSIFICATION  AUTHORITY 


2b.  DECLASSIFICATION /DOWNGRADING  SCHEDULE 


4.  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 

BRL-SP  -80 


lb  RESTRICTIVE  MARKINGS 


3  DISTRIBUTION /AVAILABILITY  OF  REPORT 

Approval  for  public  release;  distribution  is 
unlimited 


5  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 


6a.  NAME  OF  PERFORMING  ORGANIZATION  6b.  OFFICE  SYMBOL  7a.  NAME  OF  MONITORING  ORGANIZATION 

US  Army  Ballistic  Research  Of  applicable) 


IciiTiiTimu 


6c.  ADDRESS  (City.  St*te,  and  ZIP  Code) 

Aberdeen  Proving  Ground,  Maryland  21005-5066 


8a.  NAME  OF  FUNDING /SPONSORING 
ORGANIZATION 


8c.  ADDRESS  (City,  State,  and  ZIP  Code) 


8b  OFFICE  SYMBOL 
(If  applicable) 


7b.  ADDRESS  (City,  State,  and  ZIP  Code) 


9  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 


10  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 

PROJECT 

TASK 

ELEMENT  NO. 

NO. 

NO. 

1 1 .  TITLE  (Include  Security  Classification) 

DATA  ANALYSIS  TECHNIQUES  FOR  EFFECTIVENESS  EVALUATION  OF  CHEMICAL  MUNITIONS 


12.  PERSONAL  AUTHOR(S) 

TRACY  P.  HINDMAN 


13a.  TYPE  OF  REPORT 

FINAL 


16.  SUPPLEMENTARY  NOTATION 


13b  TIME  COVEREO 
FROM _  TO 


14  DATE  OF  REPORT  (Year,  Month,  Day)  115  PAGE  COUNT 


COSATI  CODES _ I  18  SUBJECT  TERMS  (Continue  on  reverse  if  necessary  and  identify  by  block  number) 

GR0UP  T  sub-group  1  Model  verification  -"Area-dosage  plots 

^Binary  r  Chemical  transport  simulation.^', 


hlliMW 


\9»  ABSTRACT  (Continue  on  reverse  if  necessity  end  identify  by  biock  number)  7 

Effectiveness  analysis  was  performed  by  BRL  using  computer-based  modeling  techniques  to 
support  operational  testing  of  chemical  munitions.  To  this  end,  the  BRL  standard  methodology 
for  unit  level  analyses,  the  Army  Unit  Resiliency  Analysis  (AURA),  was  employed.  In  concert 
with  AURA,  the  BRL  used  the  Chemical  Research,  Development  and  Engineering  Center's  (CRDEC) 
Non-Uniform  Simple  Surface  Evaporation  (NUSSE)  chemical  dissemination  model.  Inputs  to 
NUSSE,  describing  the  dissemirvation  of  BIGEYE,  were  extracted  from  field  trial  data  collected 
at  Dugway  Proving  Ground.  A  BRL  graphics  program  called  BIND  was  used  to  compare  the  area 
coverage  and  shape  of  the  contamination  pattern  predicted  by  NUSSE  to  the  results  of  the 
field  trial.  This  comparison  demonstrated  that  NUSSE  produced  a  valid  simulation  of  the 
chemical  munition  contamination  pattern.  This  simulation  was  then  used  in  AURA  to  model  the 
impact  on  detailed  targets.  These  data  analysis  techniques  for  the  BIGEYE  effectiveness 
evaluation  have  set  a  precedent  in  the  area  of  chemical  munition  effectiveness  modeling; 
and  are  widely  in  use  throughout  CONUS  for  many  chemical  weapon  effectiveness  problems. * 


>0.  DISTRIBUTION  /AVAILAjILITY  OF  Adi  TRACT 
□  UNCLASSIFIEQ/UNUMITED  QQ  SAME  AS  RPT 


22a.  NAME  OF  RESPONSIBLE  INDIVIDUAL 

TRACY  P.  HINDMAN 


DO  Form  1473.  JUN  86 


21.  ABSTRACT  SECURITY  CLASSIFICATION 


□  OTIC  USERS 


22b  TELEPHONE  (Include  Area  Code)  I  22c.  OFFICE  SYMBOL 


Liu'.vn’ii 


Previous  editions  are  obsolete. 


SECURITY  CLASSIFY 

UNCLASSIFIED 


Intentionally  left  blank. 


11 


Contents 


1  INTRODUCTION 

2  DISSEMINATION  METHODOLOGY 

3  EFFECTIVENESS  METHODOLOGY 

4  SUMMARY 

REFERENCES 
DISTRIBUTION  LIST 


Intentionally  left  blank. 


iv 


1  INTRODUCTION 


The  Vulnerability /Lethality  Division  of  the  BRL  has  developed  data  analysis 
techniques  for  chemical  weapon  effectiveness  evaluation.  These  techniques  are 
an  enhancement  of  traditional  model  verification  processes  that  can  be  applied 
to  any  chemical  munition.  The  analytic  procedures  include: 


•  Verification  of  simulation  as  compared  to  actual  field  trial  data  for  weapon 
dissemination  trials  through  the  use  of  a  computer  model; 

•  Estimation  of  area  coverage  on  specified  targets  using  the  computer  gen¬ 
erated  chemical  cloud; 

•  Assessment  of  weapon  effects  on  unit  level  targets  using  VLD  method¬ 
ology. 


Extensive  effort  has  been  applied  to  make  the  methodology  as  quantitative 
and  statistically  rigorous  as  possible.  These  data  analysis  techniques  were 
developed  specifically  to  address  the  BIGEYE  effectiveness  evaluation;  how¬ 
ever,  the  methodology  is  currently  being  adapted  to  address  other  chemical 
munitions.  1 


2  DISSEMINATION  METHODOLOGY 


Ongoing  chemical  simulant  trials,  conducted  at  Dugway  Proving  Ground  (DPG), 
Utah,  provide  a  unique  set  of  experimental  data  for  the  dissemination  of  sim¬ 
ulant  from  variously  oriented  line  sources.  The  data  collected  includes  dis¬ 
semination  data,  optical  and  radar  tracking  data  of  the  munition  from  time 
of  function  to  impact  (Time,  Space  Position  Information  -  TSPI),  and  meteo¬ 
rological  data.  Using  these  data  as  input  to  the  Non-Uniform  Simple  Surface 
Evaporation  (NUSSE)  chemical  cloud  travel  model,  the  process  of  generating 
a  chemical  cloud  representative  of  the  field  trial  is  begun.  The  NUSSE  model 
is  used  to  replicate  the  liquid  (simulant)  ground  deposition  patterns  obtained 
from  field  trials.  This  model  describes  the  transport  and  diffusion  of  chemical 

^immelheber,  Thomas  I.,  U.S.  Army  Chemical  Research,  Development  and  Engineering 
Center,  Hindman,  Tracy  P.  and  Klopcic,  J.  Terrence,  U.S.  Army  Ballistic  Research  Labo¬ 
ratory,  Effectiveness  Evaluation  of  the  BIGEYE  (BLU-80/B)  Weapon  for  the  Operational 
Evaluation  (OPEVAL)  Dissemination  Trials  (V),  CRDEC  special  publication  CRDEC-SP- 
88009,  February  1988  (Secret). 
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agents  released  into  the  lower  atmosphere.  Documentation  is  contained  in  a 
User’s  Guide  2  and  a  Model  Description.  3  NUSSE  is  capable  of  modeling 
unitary,  binary  and  dual  binary  agents. 

A  majority  of  the  NUSSE  parameters  can  be  extracted  from  the  DPG  data;  the 
remaining  parameters  are  derived  mathematically  from  the  initial  conditions 
of  the  test.  The  NUSSE  parameters  have  been  divided  into  three  categories: 
geometrical,  meteorological,  and  weapon  values. 

The  geometrical  parameters  include  height  of  burst  (HOB)  and  line  length, 
which  are  obtained  from  the  radar  tracking  data.  Line  length  is  measured 
from  the  HOB  to  impact  point.  These  parameters  are  used  to  calculate  fall 
angle. 

Meteorological  data  obtained  from  DPG  contains  wind  speed  and  direction, 
Pasquill  stability  category,  and  temperature  as  measured  from  two  tower  loca¬ 
tions.  The  wind  speed  and  direction  are  reported  as  a  thirty  minute  average. 
Wind  angle  (the  angle  between  the  munition  path  and  the  downwind  direction) 
is  calculated  using  the  wind  direction  and  the  line  of  flight  of  the  munition. 

Weapon  related  parameters  include  vapor  and  liquid  fill  weight,  and  mass 
median  diameter  (MMD).  The  MMD  of  the  simulant  droplets  is  calculated  by 
DPG.  The  Chemical  Research  Development,  and  Engineering  Center  (CRDEC) 
provides  the  distribution  parameter  for  the  MMD  (sigma  D)  and  the  fill  weight 
for  the  munition. 

Other  efforts  directed  toward  verification  of  dissemination  codes  have  concen¬ 
trated  on  the  accuracy  of  predicted  areas  as  a  function  of  deposition  level  by 
comparing  plots  of  the  predicted  and  measured  areas  versus  deposition  levels. 
These  are  known  as  area-dosage  plots.  Analysts  at  BRL  have  developed  a  set 
cf  computer  routines  to  address  both  area-dosage  comparisons  and  the  geom¬ 
etry  of  the  chemical  cloud.  Additionally,  these  routines  permit  the  processing 
of  single  and  multiple  weapon  dissemination  trials.  Heretofore,  only  single 
weapon  dissemination  trials  could  be  analyzed  and  evaluated. 

The  geometry  of  the  chemical  cloud  is  an  important  factor  to  consider  when 
verifying  a  chemical  transport  simulation.  Agreement  between  the  computer 
predicted  area  and  the  field  data  using  area-dosage  plots  is  not  sufficient  to 
validate  the  simulation  if  the  shape  of  the  clouds  shows  no  agreement.  Hence, 

2Saucier,  R.,  NUSSE3  User’s  Guide  and  Reference  Manual,  U  S.  Army  Chemical 
Research  and  Development  Center  special  publication  CRDC-SP-86009,  March  1986 
(Unclassified). 

3Saucier,  Richard,  NUSSE3  Model  Description,  U.S.  Army  Chemical  Research,  Develop¬ 
ment  and  Engineering  Center  report  CRDEC-TR-87046,  May  1987  (Unclassified). 
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the  shape  of  the  pattern,  in  conjunction  with  the  predicted  area  as  a  function 
of  deposition  level,  is  considered  in  the  verification  process. 

BIND  is  the  computer  code  which  is  used  to  compare  the  NUSSE  generated 
cloud  to  the  field  trial.  *  It  compares  both  the  area-dosage  statistics  and  two- 
dimensional  pattern  shape  on  the  ground;  these  patterns  are  referred  to  as 
contours  (iso-deposition  curves).  The  selected  measure  of  shape  is  the  major 
axis,  where  the  major  axis  is  defined  as  the  length  of  the  cloud  measured  in  the 
downwind  direction.  The  square  of  the  major  axis  is  used  to  give  shape  the 
same  dimensionality  as  the  area  statistic.  While  it  is  acknowledged  that  the 
behavior  of  the  major  axis  is  less  than  ideal  in  the  case  of  highly  discontinuous 
data,  the  trend  of  the  data  appears  to  be  well  represented  by  the  axis  length. 
Furthermore,  in  concert  with  the  area,  the  major  axis  determines  the  overall 
shape.  (That  is,  no  other  linear  shape  measure  is  independent.) 

The  statistics  chosen  for  this  verification  process  are  the  chi  square  and  mean- 
error  statistics.  These  statistics  can  be  defined  as  follows: 


chi— square  = 


K 


E 


W  *  (D,  -  N 

A? 


mean  error 


W*(Dt-N,) 

D, 


Here,  N,  is  the  NUSSE  prediction  for  the  ith  contour  level  and  Z),  is  the 
corresponding  field  data  value.  The  measures  include  areas  and  major  axis 
lengths  for  each  user  specified  contour  level.  (Thus,  selecting  five  contour 
levels  for  comparison  will  result  in  K  =  10  terms  in  the  above  sum.)  The 
weighting  factor  is  W  =  1/K. 


3  EFFECTIVENESS  METHODOLOGY 

The  NUSSE  generated  cloud  is  used  to  assess  weapon  effects  on  targets  by 
means  of  the  VLD  developed  Army  Unit  Resiliency  Analysis  (AURA)  method- 

4Klopcic,  J.  Terrence  and  Hindman,  Tracy  P.,  Deposition  Modeling  and  Effectiveness 
Evaluation  Using  Chemical  Weapon  Field  Trial  Dispersion  Data,  U  S.  Army  Ballistic  Re¬ 
search  Laboratory  report  BRL-MR-3652,  March  1988,  (Unclassified). 
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ology.  5  Simulation  of  a  chemical  cloud  can  be  accomplished  given  plausible 
NUSSE  input  even  when  no  test  data  exist  to  verify  it.  The  AURA  model  is 
a  highly  detailed  unit  level  model  for  the  evaluation  of  unit  mission  perfor¬ 
mance  on  the  integrated  battlefield.  Among  other  things,  personnel  exposures 
to  specific  liquid  deposition  levels  and  unit  performance  as  a  function  of  time 
can  be  assessed.  A  variety  of  tactical  and  strategic  targets  have  been  devel¬ 
oped  for  use  in  the  AURA  model.  For  illustrative  purposes,  an  airfield  will  be 
discussed. 

In  developing  a  functional  description  for  the  target  unit,  the  specific,  quanti¬ 
fied  mission(s)  to  be  performed  by  the  unit  must  first  be  determined.  The  unit 
is  then  evaluated  in  terms  of  its  ability  to  perform  this  mission(s).  The  tar¬ 
get  is  described  in  detail,  with  each  individual  person  and  piece  of  supportive 
equipment  given  specific  coordinates.  For  example,  the  airfield  is  2400  meters 
by  1600  meters  and  has  1150  personnel  deployed. 

The  unit  is  described  as  a  series  of  tasks  that  are  needed  to  carry  out  its  mis¬ 
sion,  which  requires  quantitative  measure  of  these  tasks  (referred  to  as  links). 
A  unit  can  perform  a  variety  of  missions.  Often,  the  mission(s)  can  be  ac¬ 
complished  in  numerous  ways.  For  example,  the  mission  of  the  airfield  is  to 
generate  108  sorties  per  24  hour  period.  Aircraft  and  pilots  are  required  to 
perform  this  mission,  hence  the  links  “aircraft”  and  “pilot”  are  used  to  describe 
these  tasks.  Many  more  links  are  required  to  fully  describe  this  mission.  These 
tasks  are  performed  by  designated  personnel  and/or  equipment,  including  ap¬ 
propriate  substitutions  when  primary  personnel/equipment  are  not  available. 
The  links  are  then  interrelated  to  achieve  the  specific  mission. 

Weaponeering,  the  determination  of  weapon  delivery  parameters,  provides  the 
necessary  delivery  information  to  simulate  the  threat.  For  example,  the  em¬ 
ployment  of  BIGEYE  in  an  actual  attack  would  have  involved  more  chemical 
munitions  then  are  tested  in  any  one  particular  trial,  hence  the  need  for  devel¬ 
oping  a  realistic  threat  scenario.  A  “stick”  of  munitions  can  be  developed,  one 
of  which  can  be  the  munition  actually  delivered  in  the  field  trial.  This  aides  in 
determining  the  optimum  aiming  and  delivery  techniques,  while  at  the  same 
time  providing  realism  to  the  scenario. 

Chemical  protection  as  a  countermeasure  can  be  examined  using  AURA.  The 
protective  status  is  referred  to  as  Mission  Oriented  Protective  Posture  or 
MOPP.  There  are  five  levels  of  protection,  with  MOPP  Zero  representing  no 
protection  and  MOPP4  representing  full  protection.  Two  scenarios  can  be 

8K!opcic,  J.  Terrence  and  Roach,  Lisa  K.,An  Introduction  to  the  Army  Unit  Resiliency 
Analysis  (AURA)  Methodology,  Volume  I,  U.S.  Army  Ballistic  Research  Laboratory  report 
BRL-MR-3384,  September  1984  (Unclassified). 
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examined:  personnel  remaining  in  the  initial  posture, MOPP  Zero,  through¬ 
out  the  analysis,  or  personnel  assuming  an  alternate  posture  upon  weapon 
initiation.  The  time  required  to  assume  this  posture,  referred  to  as  MOPP 
time,  is  user  specified.  A  higher  level  of  MOPP  provides  increased  protection 
for  personnel,  yet  at  the  same  time  degrades  performance.  Specific  levels  of 
degradation  are  based  upon  one’s  assigned  duties  and  MOPP  status.  Exami¬ 
nation  of  these  two  scenarios  provides  an  upper  and  lower  limit  on  personnel 
casualties. 

Two  measures  of  effectiveness  that  can  be  addressed  are  exposure  of  personnel 
and  degradation  of  the  unit  mission.  Personnel  exposure  is  evaluated  at  user 
specified  deposition  levels.  Unit  degradation  is  based  upon  the  unit’s  ability  to 
complete  its  mission.  As  previously  stated,  the  airfield’s  mission  was  to  gener¬ 
ate  a  total  of  108  sorties  per  24-hour  period.  Given  an  effectiveness  value  of  50 
percent,  the  unit  can  only  generate  54  sorties  per  24-hours.  For  unprotected 
troops  (MOPP  Zero),  degradation  is  due  to  the  effect  of  chemical  dosages  re¬ 
ceived  by  personnel.  For  troops  assuming  protective  posture,  degradation  can 
be  due  to  the  wearing  of  MOPP  as  well  as  to  chemical  dosages  received  by 
personnel. 


4  SUMMARY 


The  effectiveness  analysis  was  performed  using  computer-based  modeling  tech¬ 
niques  to  support  operational  testing  of  chemical  munitions.  To  this  end,  the 
VLD  standard  methodology  for  unit  level  analyses,  the  Army  Unit  Resiliency 
Analysis  (AURA),  was  employed.  In  concert  with  AURA,  the  Chemical  Re¬ 
search,  Development  and  Engineering  Center’s  (CRDEC)  Non-Uniform  Simple 
Surface  Evaporation  (NUSSE)  chemical  dissemination  model  is  used  to  de¬ 
scribe  the  chemical  threat.  Inputs  to  NUSSE  can  be  extracted  from  field  trial 
data  collected  at  Dugway  Proving  Ground.  A  BRL  graphics  program  called 
BIND  is  used  to  compare  the  area  coverage  and  shape  of  the  contamination 
pattern  predicted  by  NUSSE  to  the  field  trial.  This  model  addresses  both 
area-dosage  as  well  as  geometry  of  the  chemical  cloud.  The  chemical  cloud 
simulation  is  then  used  in  AURA  to  model  the  impact  of  chemical  weapons 
on  unit  level  targets  that  are  representative  of  foreign  operations.  Personnel 
casualties  and  unit  effectiveness  are  assessed  by  AURA.  These  data  analy¬ 
sis  techniques  for  effectiveness  evaluation  have  set  a  precedent  in  the  area  of 
chemical  munition  effectiveness  modeling.  They  are  widely  in  use  through¬ 
out  CONUS  for  many  chemical  weapon  effectiveness  problems  and  are  readily 
adaptable  for  analysis  of  other  chemical  munitions. 
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Fort  Benning,  GA  31905-5660 

(Uocuu.  only)  \  Commandant 

US  Army  Infantry  School 
ATTN:  ATSH-CD-CSO-OR 
Fort  Benning,  GA  31905-5660 


(ciiu.  only)  j  The  Rand  Corporation 
P.O.  Box  2138 

Santa  Monica,  CA  90401-2138 


1  Air  Force  Armament  Laboratory 
ATTN:  AFATL/DLODL 
Eglin  AFB,  FL  32542-5000 

Aberdeen  Proving  Ground 
Dir,  USAMSAA 

ATTN:  AMXSY-D 

AMXSY-MP,  H.  Cohen 

Cdr,  USATECOM 

ATTN:  AMSTE-TO-F 
Cdr,  CRDEC,  AMCCOM 

ATTN:  SMCCR-RSP-A 
SMCCR-MU 
SMCCR-MSI 

Dir,  VLAMO 

ATTN:  AMSLC-VL-D 
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No.  of 

Copies  Organization 
13  Director 

U.S.  Army  TRADOC  Center-WSMR 
ATTN:  ATAA-SL  (Mr.  Kirby) 

ATRC-WCC  (CPT  Greg  Stover) 
ATRC-WCC  (CPT  David  Jones) 
ATRC-WCC  (Pete  Shugart) 
ATRC-WCC  (CPT  (P)  William 
Shorthill) 

ATRC-WCC  (Mr.  Hue  McCoy) 
ATRC-WCC  (Mr.  Helment 
Sosscnficld) 

ATOR-TSL 
ATAA-SL  (Mr.  Pena) 

ATAA-SL  (Mr.  Billingsley) 
ATAA-SL  (Mr.  Bclk) 

ATAA-SL  (Mr.  Leach) 
ATRC-WDB  (Mr.  Baldalf) 

White  Sands  Missile  Range,  NM  88002- 
5502 

2  Commander 

TRADOC  Research  Element 
TREM  P.O.  Box  8692 
ATTN:  MAJ  R.  Wimberlcy 
Monterey,  CA  93943 

1  Director 

U.S.  Army  TRADOC  Analysis  Center- 

Montercy  (TRAC-MTRY) 

ATTN:  LTC  Vernon  M.  Bettencourt,  Jr. 
P.O.  Box  8692 
Naval  Postgraduate  School 
Monterey,  CA  93943-0692 

1  Commander 

U.S.  Army  Field  Artillery  School 
Directorate  of  Combat  Developments 
Ft.  Sill,  OK  73503 

5  Commander 

U.S.  Army  Chemical  School 
ATTN:  ATZN-CM-CC  (Mr.  Bemie 

Gould) 

ATZN-CM-CC  (Ms.  Sherry 
Barnes) 

ATZN-CM-CC  (Ms.  Rena  Seals) 
ATZN-CM-CC  (Mr.  T.  Collins) 
ATZN-CM-CC  (LTC  Gary 
Stratton) 

Fort  McClellan,  AL  36205-5020 


No.  of 

Conies  Organization 

1  U.S.  Army  Operational  Test  and  Evaluation 

Agency  (OTEA) 

ATTN:  Commanding  General 
Park  Center  IV 
4501  Ford  Avenue 
Alexandria,  VA  22302-1428 

3  Commander 

Concepts  Analysis  Agency 
ATTN:  CSCA  (Mr.  D.  Hurd) 

CSCA  (LTC  Barrett) 

CSCA  (Mr.  Chandler) 

8120  Woodmont  Avenue 
Bethesda,  MD  20014 

3  JAYCOR 

ATTN:  Mr.  J.  David  Claiborne 
Mr.  Hubert  Lockerd 
Mr.  William  Jenkins 
P.O.  Box  87 
Edgewood,  MD  21040 

3  Institute  for  Defense  Analysis 

ATTN:  Mr.  Graham  McBride 
Mr.  Ed  Kerlin 
Dr.  M.  Charron 
1801  N.  Beauregard  Street 
Alexandria,  VA  22311 

3  EAI  Corporation 

ATTN:  Mr.  Dennis  Metz 
Mr.  Bruce  Fisher 
Mr.  Matthew  Hutton 
1308  Continental  Drive,  Suite  J 
Abingdon,  MD  21009 

1  Applied  Research  Inc. 

ATTN:  Mr.  Drew  Lyle 

P.O.  Box  181,  Gunpowder  Branch 
Aberdeen  Proving  Ground,  MD  21010- 
0181 

2  Science  Applications  International 
Corporation 

ATTN:  Mr.  R.  McNally 
626  Towne  Center  Drive 
Joppa,  MD  21085 
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ABERDEEN  PROVING  GROUND 
Dir,  USAMSAA 

ATTN:  AMXSY-CD  (D.  Fredrick,  M. 

Caroihers) 

AMXSY-MP  (J.  Carr) 

AMXSY-J  (J.  Bioomquisi) 
AMXSY-GD  (R.  Mezan) 
AMXSY  (Mr.  Chandler) 
AMXSY  (Ms.  C.  Horley) 
AMXSY  (Ms.  D.  Smoot) 
AMXSY-C  (M.  Carroll) 

(Mr.  A.  Reid) 

AMXSY-G  (M.  Sandmcycr) 
AMXSY-GS  (B.F.  King) 

Cdr,  CRDEC,  AMCCOM 
ATTN:  SMCCR-TD  (J.  Vervier) 
SMCCR-MSS  (J.  Seigh) 
SMCCR-PPD  (J.  Baker) 
SMCCR-RSP  (L.  Sturdivan) 
SMCCR-ST  (T.  Himmclhebcr) 
(D.  Sloop) 

(C.  Crawford) 

(L.  Davis) 

Cdr,  PM  Binary 

ATTN:  AMCPM-BN  (W.  Dee) 

(G.  Balunis) 

(M.  Scnnctl) 
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USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it  publishes.  Your 
comment s /answers  below  will  aid  us  in  our  efforts. 

1.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest  for  which 
the  report  will  be  used.) _ _ _ __ _ 


2.  How,  sped f leal ly,  is  the  report  being  used?  (Information  source,  design  data,  procedure,  source  of  ideas, 
etc.)  _ __ _ _ _ 


3.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars  saved, 
operating  costs  avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate.  _ 


4.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports?  (Indicate  changes  to 
organization,  technical  content,  format,  etc.)  _ _ _ _ _ _ 
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Current 


Number  _  Division  Symbol 

if  desire  to  be  removed  from  distribution  list, 
for  address  change.  _ 

address:  Organization  _ 

Address 


FOLD  AND  TAPE  CLOSED 


Director 

U.S.  Army  Ballistic  Research  Laboratory 
ATTN:  SLCBR-DD-T 

Aberdeen  Proving  Ground,  MD  21005-5066 


OFFICIAL  IUSINFSS 


BUSINESS  REPLY  LABEL 

film  class  piimii  no  wok?  Washington  o  c 


POSTAGE  Will  li  PAID  IT  DEPARTMENT  OF  THI  AIM  Y 


Director 


NO  POSTAGE 
NECESSARY 
IF  MAILED 
IN  THE 

UNITED  STATES 


U.S.  Army  Ballistic  Research  Laboratory 
ATTN:  SLCBR-DD-T 

Aberdeen  Proving  Ground,  MD  21005-9989 


